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TN THF. SPECIFICATION 

Tbe paragraph beginning at page 12, line 8 is amended as follows: 

Figure 3 illustrates another embodiment of a floating gate transistor, or non-volatile 
memory cell 300, according to the teachings of the present invention. As shown in the 
embodiment of Figure 3, the non-volatile memory cell 300 includes a vertical non volatile 
memory cell 300. In this embodiment, the non-volatile memory cell 300 has a first source/drain 
region 301 formed on a substrate 306. A body region 307 including a channel region 305 is 
formed on the first source/drain region 301 . A second source/drain region 303 is formed on the 
body region 307. Mothodo for forming ouoh a vortical tranniotor otruotoro oro disoloood in US 
Potent no. 6,135,175, ontitlod "Memory Address Decode Array with vertical tranoiotors, whioh is 
incorporated heroin by roforonce. A floating gate 309 opposes the channel region 305 and is 
separated therefiombyagate oxide 311. A control gate 313 opposes the floating gate 309. 
According to the teachings of the present invention, the control gate 313 is separated from the 
floating gate 309 by a low tunnel barrier intergate insulator 315. 

The paragraph beginning at page 13, line 14 is amended as follows: 

Figure 4 is a perspective view illustrating an array of silicon pillars 400-1, 400-2, 400-3, . 
400-N, formed on a substrate 406 as used in one embodiment according to the teachings of 
the present invention. As will be understood by one of ordinary skill in the art upon reading this 
disclosure, the substrates can be (i) conventional p-type bulk silicon or p-type epitaxial layers on 
p+ wafers, (ii) silicon on insulator formed by conventional SIMOX, wafer bonding and etch back 
or silicon on sapphire, or (iii) small islands of silicon on insulator utilizing techniques, suefl-as 



Page 3 

SUPPLEMENTAL AMENDMENT 
Serial Number: 09/945512 

Tltk^ TNSI^VnCT roCKSRAMMABI.E LOGIC ARRA VS WfTH LOW TUNNEL BARRIER INTERPOLY INSULATORS _ 

desoribod in mor n i htail in U.S. patent no. 5,691,230, by Loonard Forbos, ontitlod "Toohm r n i n f o r 
Produoing Small Monde of Silicon on Inoulator," issued 1 1/25/1997, which io inoorp n r nt e d 
horoin by roforeno e . 



The paragraph beginning at page 16, line 13 is amended as follows: 

As shown in the embodiment of Figure 5E, a single floating gate 509 is formed in each 
trench 530 between adjacent pillars which form memory cells 500-1 and 500-2. According to the 
teachings of the present invention, the single floating gate 509 can be either a vertically oriented 
floating gate 509 or a horizontally oriented floating gate 509 formed by conventional processing 
techniques, or can be a horizontally oriented floating gate 509 formed by a replacement gate 
techniqu e such as doaoribod in a copending application, ontitlod "Flash Memory with Ultrathin 
V uit ioal Body TranGiotoro," by Loonard Forboo and Kio Y. Ahn, application sorial no. 
09/780,169. In one embodiment of the present invention, the floating gate 509 has a vertical 
length facing the body region 505 of less than 100 nm. In another embodiment, the floating gate 
509 has a vertical length facing the body region 505 of less than 50 nm. In one embodiment, as 
' shown in Figure 5E, the floating gate 509 is shared, respectively, with the body regions 507-1 
and 507-2, including channel regions 505-1 and 505-2, in adjacent pillars 500-1 and 500-2 
located on opposing sides of the trench 530. And, as shown in Figure 5E, the control gate 
includes a single horizontally oriented control gate line, or control gate 513 formed above the 
horizontally oriented floating gate 509. 
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The paragraph beginning at page 20, line 13 is amended as follows: 

The tunneling current in erasing charge firom the floating gate 705 by tunneling to the 
control gate 713 will then be as shown in Figure 7B given by an equation of the form: 

J » B exp(- Eo/E) 



q 2 E 2 ^ 



where E is the electric field across the interpoly dielectric insulator 707 and Eo depends on the 
barrier height. Praotical values, o f ouitont donsitioa for n Aluminum oxide whieh-has a current 
density of 1 A/cm 2 at a field of about E = 1 V/20A = 5x10"* V/an x arc , ovidoncod in a descript io n 
by Pollaolc. (Soo gonorally, S. R. Pollaolc and C. E. Morris, "Tunnoling through gaseous oxidiz e d 
films of ALA," Trans. AIMS, Vol. 233, p. 107, 1965). Practioal ourront donoitioo for o Silicon 
oxide transistor gate insulators wWeh+as have, a current density of 1 A/cm 2 at a field of about E 
= 2.3V/23A = lxlO +7 V/cm. mo evidonood in a description by T.P. Ma ot al.. (Soo generally, T. 
P. Ma ot ol, "Tunnoling loakago ourront in ultrathin (-a1 am) nitrido/oxido stack diolootrioo," 
IEEE Electron Dovioc Lottors, vol. 19, no. 10, pp. 3 8 8 390, 199 8 ). 

The paragraph beginning at page 22, line 4 is amended as follows: 

(tii) The oxide growth rate and limiting thickness will increase with oxidation 
temperature and oxygen pressure. The oxidation kinetics of a metal may, in some cases, depend 
on the crystallographic orientations of the very small grains of metal which comprise the metal 
film (aoo generally, 0, Kubasohowolri and B. E. Hopkins, "Oxidation of Motalo and AUoyo", 
Buttorworth, Loudon, pp. 53 61, 1962) . If such effects are significant, the metal deposition 
process can be modified in order to increase its preferred orientation and subsequent oxide 
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thickness and tunneling uniformity. To this end, use can be made of the fact that metal films 
strongly prefer to grow during their depositions having their lowest free energy planes parallel to 
the film surface. This preference varies with the crystal structure of the metal. For example, fee 
metals prefer to form {1 1 1} surface plans. Metal orientation effects, if present, would be larger 
when only a limited fraction of the metal will be oxidized and unimportant when all or most of 
the metal is oxidized. 

The paragraph beginning at page 22, line 24 is amended as follows: 

This oxide barrier has been studied in detail using Pb/PbO/Pb structures. The oxide itself 
can be grown very controllably on deposited lead films using either thermal oxidation (*» 
generally, J. M. Eldridgo and J. Motiooo, "Measurement of tunnol current density in aMoal 
Oxido Motol oyotom ac a Amotion of oxide thiolmcga," Proo. 12* Intorn. Conf. on Low 
Temperature Physioo, pp. 127 120, 1971; J. M. Eldridgo and D. W. Dong, "Growth of thin PbO 
layers on load films. I. Experiment," Surface Science, Vol. 10, pp. 512 530, 1911) or rf sputter 
etching in an oxygen plasm a (ooo generally, J. H. Groincr, "Oxidation of load films by rf sputt e r 
etching in an oxygon plaoma", J. Appl. Phyo., Vol 45, No. 1, pp. 32 37, 1071) . It will be seen 
that there are a number of possible variations on this structure. Starting with a clean poly-Si 
substrate, one processing sequence using thermal oxidation involves: 

The paragraph beginning at page 23, line 16 is amended as follows: 

(iii) Using a "low temperature oxidation process" to grow an oxide film of self-limited 
thickness. In this case, oxygen gas is introduced at the desired pressure in order to oxidize the 
lead in situ without an intervening exposure to ambient air. For a fixed oxygen pressure and 
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temperature, the PbO thickness increases with log(time). Its thickness can be controlled via time 
or other parameters to within 0.1 OA, as determined via in situ ellipsometric or ex situ 
measurements of Josephson tunneling currents. This control is demonstrated by the very limited 
statistical scatter of the current PbO thickness data shown in the insert of Fig. 3 in on ortioloby J. 
M. Eldridge and J. Matisoo, entitled "Measurement of tunn e l current d e nsity in a Meal Oxido 
Motal system ac a Amotion of oxide thickness" Proo. 12* Intern. Conf. on Low Tomperatur e 
Physios, pp. 127 128,1971. This remarkable degree of control over tunnel cunrent is due to the 
excellent control over PbO thickness that can be achieved by "low temperature oxidation." For 
example, increasing the oxidation time from 100 to 1 ,000 minutes at an oxygen pressure of 750 
Torr at 25C only raises the PbO thickness by 3 A (e.g., from -21 to 24 A, see Fig. 1 inJ.M. 
Eldridge and J. Matisoo, "Measurement of tunn e l current density in a Moal Oxido Metal system 
as a function of oxido thickness," Proo. 12 th Intern. Conf. on Low Tomporaturo Physios, pp. 127 
428, 1971). Accordingly, controlling the oxidation time to within 1 out of a nominal 100 minute 
total oxidation time provides a thickness that is within 0.1 A of 21 A. The PbO has a highly 
stoichiometric composition throughout its thickness, as evidenced from ellipsometr y (e.g., s e e 
Fig. 6 in J. M. Eldridge and D. W. Dong, "Growth of thin PbO layers on load films. I 
Experiment," Surfaoo Scionoo, Vol. 10, pp. 512 530, 1973) and the fact that the tunnel barrier 
heights are identical for Pb/PbO/Pb structures. 

The paragraph beginning at page 25, line 1 is amended as follows: 

A number of studies have dealt with electron tunneling in AI/AI2O3/AI structures where 
the oxide was grown by "low temperature oxidation" in either molecular or plasma oxygen-{see 
generally, S. M. Sep, Physios of Semiconductor Devices, Wiloy, NY, pp. 553 556, 1981; G. 
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S immons and A. El Badiy, "Gcnoraligod formula for tho olootrio tunnol effect botwoon oimilnr 

olootrodcs separated by a thin inoulating film" J. Appl. Phyo., Vol. 3 1, p. 1793, 1963; S. R. 

Pollack and C. E. Morris, "Tunneling through gaooouo oxidized films of A1 A Q ?," Trano. A1MB, 

Vol. 233, p. 137, 1?65; 7 TTnry*. "T»fi..nnn n nfnnminifnrm thickness of diolootrio layers on 

capaoitanoo and tunnol currents," Solid State Elcotronioo, Vol. 9, p. 967, 1966; S. P. S. Arya and 

II. P. Singh, "Conduction properties of thin AUOj filmo," Thin Solid Films, Vol. 91, Mo. 1, pp. 

363 371, May 1982; K ; H r^AUnh nnrf T iTnH "T npnrithmio conductivity of Al AUO» Al 

tunnoling junotiono produced by plasma and by thermal oxidation", ourfooe Soicnoo, Vol. 27, 

pp. 125 111, 1971). Before sketching out a processing sequence for these tunnel barriers, note: 

The paragraph beginning at page 25, line 19 is amended as follows: 

(ii) Tunnel currents are asymmetrical in this system with somewhat larger currents 
flowing when electrons are injected from A1/A1 2 0 3 interface developed during oxide growth. 
This asymmetry is due to a minor change in composition of the growing oxide: there is a small 
concentration of excess metal in the A1 2 0 3 , the concentration of which diminishes as the oxide is 
grown thicker. The excess Al +3 ions produce a space charge that lowers the tunnel barrier at the 
inner interface. The oxide composition at the outer AI2O3/AI contact is much more 
stoichiometric and thus has a higher tunnel barrier. In situ ellipsometer measurements on the 
thermal oxidation of Al films deposited and oxidized in situ support this mode l (000 generally, h 
Grimblot and J. M. Eldridgo, "I. Interaction of Al filmo with 0> at low prooouroo", J. Electro. 
Chcm. Soo„ Vol. 139, Mo. 10, pp. 2366 236 8 , 19 8 2. J. Grimblot and J. M. Eldridgo, "II. 
Oxidation of Al films", ibid, 2369 2372, 1982) . In spite of this minor complication, AI/AI2O3/AI 
tunnel barriers can be formed that will produce predictable and highly controllable tunnel 



SUPPLEMENTAL AMENDMENT VasfS 
Serial Number: 09/945512 

SSmSiK^AMMABLE LOGIC ARRAYS WITH LOW TUNNEL BARRIER 1NTERPOLY INSULATORS 

currents that can be ejected from either electrode. The magnitude of the currents are still 
primarily dominated by Al 2 Oj thickness which can be controlled via the oxidation parametrics. 

The paragraph beginning at page 26, line 8 is amended as follows: 

With this background, we can proceed to outline one process path out of several that can 
be used to form AI2O3 tunnel barriers. Here the aluminum is thermally oxidized although one 
could use other techniques such as plasma oxidatio n (soo generally, S. R. Pollack and C. E. 
Morrio, "Tunneling through gaseous onidiBod filmo of Ak 9 i" Trano. MME, Vol. 233, p. 197, 
196S; K. H. Gundlaoh and J. Hotel, "Logarithmio oondu oti vity of Al AhOi Al h mn ol i ng 
junotiono produood by plaoma and by thermal 0Jtidation ,, , Surface Soionoo, Vol. 27, pp. 125 
141, 1971) or rf sputtering in an oxygen plasm a (soo generally, J. H. Gi u in u i, "Oxidation of l onrl 
filmc by rf oputtor etching in an oxygon plaoma", J. Appl. Phyc, Vol. 15, No. 1, pp. 32 37, 1971) . 
For the sake of brevity, some details noted above will not be repeated. The formation of the 
AI/AI2O3/AI structures will be seen to be simpler than that described for the Pb/PbO/Pb junctions 
owing to the much higher melting point of aluminum, relative to lead. 

The paragraph beginning at page 26, line 24 is amended as follows: 

(ii) Oxidize the aluminum in situ in molecular oxygen using temperatures, pressure 
and time to obtain the desired A1 2 0 3 thickness. As with PbO, the thickness increases with log 
(time) and can be controlled via time at a fixed oxygen pressure and temperature to within 0.10 
Angstroms, when averaged over a large number of aluminum grains that are present under the 
counter-electrode. One can readily change the AI2O3 thickness from -1 5 to 35A by using 
appropriate oxidation parametrics (o.g., soo Figure 2 in J. Grimblot and J. M. Eldridgo, "H 
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Oxidation of Al QL i id", J. Electro. Chom. Sob., VoL 129 t No. 10, pp. 2369 2372, 1PS2) . The 

oxide will be amoiphous and remain so until temperatures in excess of 400C are reached. The 
initiation of recrystallization and grain growth can be suppressed, if desired, via the addition of 
small amounts of glass forming elements (e.g., Si) without altering the growth kinetics or barrier 
heights significantly. 

The paragraph beginning at page 27, line 13 is amended as follows: 

Single layers of Ta 2 0 $ , TO, ZrO* Nb 2 0 5 and similar transition metal oxides can be 
formed by "low temperature oxidation" of numerous Transition Metal (e.g., TM oxides) films in 
molecular and plasma oxygen and also by rf sputtering in an oxygen plasma. The thermal 
oxidation kinetics of these metals have been studied for decade, with mimoroua doooripti n m nn d 
roforonooo to bo found in tho book by Kubaschowski and Hopkins (0. Kubacohowolri and B. E. 
Hopkino, "Oxidation of Motalo and Alio)*", Duttorworth, London, pp. S3 64, 1P6?) . In essence, 
such metals oxidize via logarithmic kinetics to reach thicknesses of a few to several tens of 
angstroms in the range of 100 to 300C. Excellent oxide barriers for Josephson tunnel devices 
can be formed by rf sputter etching these metals in an oxygen plasm a (soo gcnorally, J. M. 
Groinor, "Josephson tunneling barriers by rf sputter etching in an oxygen plasma," J. Appl. Phys., 
Vol. < 12, No. 12, pp. 5151 *V*. n i > «nfiilmmi nt al.. "Mothod of fabrication of Josophoo n 
tunnol junotiono > "U.S. Pat 4,4 12,902, Nov. 1, 10S3) . Such "low temperature oxidation" 
approaches differ considerably from MOCVD processes used to produce these TM oxides. 
MOCVD films require high temperature oxidation treatments to remove carbon impurities, 
improve oxide stoichiometry and produce recrystallization. Such high temperature treatments 
also cause unwanted interactions between the oxide and the underlying silicon and thus have 



"Iligliquaa^T^feU lu diolootrioowit h T e ^ -10 l uu ^u uiCin T MT nri h Digest, pp. HI 
111, 1909. 

The paragraph beginning at page 28, line 6 is amended as follows: 

a- Tpma .h W9fi Heveloned "low temperature oxidation" to form duplex layers 

of TM oxides. A new approach woo described in u copending applica t ion by J. M. F 1ri ri rl C w, 

aU itkd "Th in ni n l i TT-- nT> " f nm n n ilo u oatont nn plication Serial No. 

(P/GSUgQ filcJ A»£ ? n . ™" n ,1int 1,tnwpr " ln " ' t " '»"oraturo oxidmi u n" t u fo r m dnpl m r I n y n rn 
ofTMoitido=. Unlike MOCVD films, the oxides are very pure and stoichiometric as formed. 
They do require at least a brief high temperature (est. 700 to 800C but may be lower) treatment to 
transform their microstructures from amorphous to crystalline and thus increase their dielectric 
constants to the desired values (> 20 or so). Unlike MOCVD oxides, this treatment can be 
carried out in an inert gas atmosphere, thus lessening the possibility of inadvertently oxidizing 
the poly-Si floating gate. While this earlier disclosure was directed at developing methods and 
procedures for producing high dielectric constant films for storage cells for DRAMs, the same 
teachings can be applied to producing thinner metal oxide tunnel films for the flash memory 
devices described in this disclosure. The dielectric constants of these TM oxides are 
substantially greater (>25 to 30 or more) than those of PbO and A1 2 0 3 . Duplex layers of these 
high dielectric constant oxide films are easily fabricated with simple tools and also provide 
improvement in device yields and reliability. Each oxide layer will contain some level of defects 
but the probability that such defects will overlap is exceedingly small. Effects of such duplex 
layers were first reported by one J. M. Eldridge of the present authors and are well known to 
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Mitt: UN aCRYlCC ri\VA»VAiwn'iwi ^ ww.^, ... 

practitioners of the art. It is worth mentioning that highly reproducible TM oxide tunnel barriers 
can be grown by rf sputtering in an oxygen ambien t, - * , i s fo r enood above (cn o generally, J* M: 
Groinor, "Jooophoon tunneling barriers by rf oputter etching in on oxygen plaoma," J. Appl. Phyo., 
Vol. 12, No. 12, pp . 51*1 <1 ™ ,n71 " n ixfi^iVami ot al.. "Method of fabrication of Jooophoon 
Humcljunotiono,"U.G.rat. 1.1l2,flOT,Nov. 1, 1^3) . Control over oxide thickness and other 
properties in these studies were all the more remarkable in view of the fact that the oxides were 
typically grown on thick (e.g., 5,000 A) metals such as Mb and Ta. In such metal-oxide systems, 
a range of layers and suboxides can also form, each having their own properties. In the present 
disclosure, control over the properties of the various TM oxides will be even better since we 
employ very limited (perhaps 1 0 to 1 00 A or so) thicknesses of metal and thereby preclude the 
formation of significant quantities of unwanted, less controllable sub-oxide films. 
Thermodynamic forces will drive the oxide compositions to their most stable, fully oxidized 
state, e.g,-NbaOs, TaaOj, etc. As noted above, it will still be necessary to crystallize these duplex 
oxide layers. Such treatments can be done by RTP and will be shorter than those used on 
MOCVD and sputter-deposited oxides since the stoichiometry and purity of the "low temperature 
oxides" need not be adjusted at high temperature. 

The paragraph beginning at page 30, fine 22 is amended as follows: 

Some results have been obtained which demonstrate that at least a limited range of high 
temperature, super-conducting oxide films can be made by thermally oxidizing Y-Ba-Cu alloy 
films (u cu L t u o ially, IIooo ot o l ., "Method of manufacturing an oxido ouporoonducting film," U.S: 
rat. 5,350,73fi, Ccpt. 27, 1991) The present inventors have also disclosed how to employ "low 
temperature oxidation" and short thermal treatments in an inert ambient at 700C in order to form 
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a range of pero vskite oxide films from parent alloy films (ooo generally* L M. Eldnrtg n , T n w 
Q uu t Frocoosoo f m P i aduoing H i gh Quality Poro^ rito Di u l mU io Film.," app lication Sori nl N o 

) . The dielectric constants of crystallized, perovskite oxides can be very large, with 
values in the 100 to 1000 or more range. The basic process is more complicated than that needed 
to oxidize layered films of transition metals. (See Example EL) The TM layers would typically 
be pure metals although they could be alloyed. The TMs are similar metallurgical* as are their 
oxides. In contrast, the parent alloy films that can be converted to a perovskite oxide are 
typically comprised of metals having widely different chemical reactivities with oxygen and 
other common gasses. In the Y-Ba-Cu system referenced above, Y and Ba are among the most 
reactive of metals while the reactivity of Cu approaches (albeit distantly) those of other noble 
metals. If the alloy is to be completely oxidized, then thin film barriers such as Pd, Pt, etc. or 
their conductive oxides must be added between the Si and the parent metal film to serve as: 
electrical contact layers; diffusion barriers; and, oxidation stops. In such a case, the Schottky 
barrier heights of various TM oxides and perovskite oxides in contact with various metals will 
help in the design of the tunnel device. In the more likely event that the perovskite parent alloy 
film will be only partially converted to oxide and then covered with a second layer of the parent 
alloy (recall the structure of Figure 2), then the barrier heights will represent that developed 
during oxide growth at the parent perovskite alloy/perovskite oxide interface. Obviously, such 
barrier heights cannot be predicted ab initio for such a wide class of materials but will have to be 
developed as the need arises. This information will have to be developed on a system-by-system 
basis. 
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At page 42, line 1 1 please add the following: 

DOCUMENTS 

IIS Pat. 6.498.0 ^, "Memory Ad dress Decode Array with vertical transistor- 
US Pat. 5.691 .?™ ♦Technique for Producing S mall Islands of Silicon on Insulator; : 
T IS Pat. 6.424.nni "Flash Memory with Ultra t h™ Vertical Body Transistors;- . ' 
s R Pollack and r. F Morris. "i w im» through Paseous oxidized films of Al 7 fr " Trans. 

ATMF. Vol. 233 p. 497. 1965: 
n y „wH«wsWi and » * "Oxidation of Metals and Alloys " Butterworth, London, 

P p 53-64. 1962: 

i M FlHridce and i y»ti«no. "Mea - ^ent of tunnel current density in a Meal-Oxide-Metal 
n . wri*n nf oxide thici™-, " p™ 12th Intern Ponf On T^w Temperature 

Physics, pp. 42 7-428. 1971: 
t M Fldridge anri n w Won,. "Gro ~* "f thin PbO tarr on lead films, 1. Experiment," 

S yrfi.ec Science. Vo l 40, pp. 512-530. 1973; 
T H fireiner. "Oration of lead fi w h v rf snutter etching in an oxygen plasma," J. Appl. Phyj b, 

VaI A5 , TJo. 1. on. 3 2-37. 1974; 
S M. Sze. Phv«i^ of Semico n ductor Devices. Wiley, NY, PP- 553-556, 1981; 
n Simons and A "General^ «^ far the electric tunnel effect between similar 

h« grated hy a flri - ^larin* film" J Annl Phys., Vol. 34 , p. 1 793, 1963; 
7 TWh. "mfl ^n^ of nonunifor m of dielectric layers on capacitance and tunnel 

rairaiim." Solid-State Electroni c Vnl. 9. p. 967. 1966; 
SPS ArvaandP P «n f* »ronduc^ on p ro perties of A1,Q, films," Thin solid Films, vol. 91, 

Mn 4. pp. 363 -"574. Mav. 1982: 
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K.-H. Gundlach and J. HolzL "Logarithmic conductivity of Al-A 1 ? Ck-AL tunneling junctions 
produced bv plasma- and bv thermal-oxidation ." Surface Science. Vol. 27, pp. 12$-141, 
1971: 

J. Grimblot and J.M. Eldridge. "I. Interaction of AJ films with Q, at low pressures." J. Electro. 

Chem. Soc. Vol. 129. No. 10. pp. 2366-2368. 1982; 
J. Grimblot and J.M. Eldridee. "II. Oxidation of Al films." J . Electro. Chem. Soc. Vol. 129, No. 

10. no. 2369-2372. 1982: 
J.M. Greiner. "Joseohson tunneline barriers bv rf sputte r etching in an oxygen plasma," J. Appl. 

Phvs.. Vol. 42. No. 12- pp. 5151-51S5. 1971; 
US Patent 4.412.902. "Method of fabrication of Jos eohson tunnel junction;" 
H F. Luan et al.. "High oualitv Ta,Q< gate dielectrics with T„.~<10 angstroms," IEDM Tech 

pipest. pp. 141-144. 1999: 
US Patent 6.461 .931. "Thm dielectric films for DRAM storage capacitors:" 
US Patent 5.3S0.738. "Method of manufacturing an oxide s uperconducting film;" 
T.P. Ma et al- "Tunneling leakage current in ultrathin (<a4 nn ri nitride/oxide stack dielectrics." 

IEEE Electron Device Letters, vol. 19. no. 1 0. op/ 388-390. 1998: 
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